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????????????????????????????????????????
????? PAST ????????????????????????????????
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1.2.1 ?????????Coda?????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
???????????????????????WOODS ?????????????
??????????????????????
WheelFS
WheelFS ???????????????????????????????????
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??????????????
???????????????????????????????????????
????????????????????? [46, pp.171-177]????????????
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????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????? P2P ??
??????????????????????????????????
???????????????????????????????????????
?????????????????????????????????????? P2P
???????????????????????
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????????????????????????????????????????
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???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????
??????????? writer ???????????????????? Ivy???
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??ePOST ??????????? POST ????????????????????
??????????????????????????? ePOST ?????????
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?????????????????????????
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WOODS???????????????????????????????????
??????????????? 2.2 ??????????????? Ra, Rb, Rc, Rd
????????????????? Ra ??? Rb ?????????? Ra ????
??? Rb ?????????
Rd
Rb
Ra
Rc
head
end
? 2.2 ?????????
??????????????????????????2.3?????????? Ra,
Rb ??????????? Rc1, Rc2 ????????????Rd ?????????
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Rb
Ra
Rc1 Rc2
Rd
head
end
? 2.3 ?????????
??????? 2.4 ??????????????????????????????
?????????? ID?????????????????????? ID ? a ???
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ID body link[s]
I B L1 Ln...
I = hash( B , L1 + ... + Ln )
? 2.4 ???????
2.3??? 23
??????????? ID ?????? Content Hash ?????????????
?????? Hash ????????
???????????????????????????????????????
???????????????????
?????????????? ID ???????????????????????
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2.3.2 end record ??
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??????????????????
???????????????????????????????????????
???????????????????
????????????????? ID ????????????????????
????????????????????????????ID ? Content Hash ???
????????????????????????????????????????
????????????????????????????????????????
???
2.5 ??
???????????????????????????????????????
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read
access
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storage
system
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???????????????????????????????
????????????????????????????????????????
???????????????????? ID ??????????????????
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????????????????????????????????????????
????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????
???????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????DNS ? MX
????????????????????????????
2.5.2 ????????????
???????????????????????????????????????
????????????????????????????????????????
2.5??? 27
?????????
WOODS ??????????????????????????? end point ???
????????????????end point ???????????????????
????????????????????????????????????????
????
???????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????
????????????????????????????? 2.7 ????????
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ID ?? a ???????????? Ra ???????????????? Rz ? ID ?
????? z ??????????????????????????????????
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?????? App S3 ?????????????? App S3 ????????????
? App S2 ??????? end point ????????? z ?????????????
???????????? end point ??? a ??????
?????????? App S3 ??????? App S2 ?????????????
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????????????????? N ???????
step 5 N ???? App S ??? end point ????
step 6 ???????????? App S ??? end point ?????????????
L ????????
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Npart ? Lpart ???????????????
???????? Lpart ????? Npart ???????????????????
??????????????????????????????????? end point
?Xpart????????????????? Xpart ???????????? end point
34 ? 2??WOODS ?????
???????????????????????? end point ???????????
?????????????????????????? end point ?????????
???????????? end point ???????????????????Npart ?
??????????????????????????Xpart ???????????
???Nall?????
Nall ?????????????????????????????????????
???????????????? Nall ???? end point ?????????????
????????????????????????????????????????
??????????????????????????
2.6 ??
??????? 2.6.1 ??????????????????????????????
??????????????????????WOODS ??????????????
??????????2.6.2 ??????? write ???????? end point ????
????????????????????????????????????????
???
2.6.1 ????
WOODS ???????????????????????????????????
?????????P2P?????????????????????????????
??????????????????????
?????????????????????????????????????????
??????????????????????????????debian-user ????
???? [53] ??????? 2007? 1??? 2007? 9????? 9?????????
? 3.6?????????????????????????????????????
133 ?????? 382 ????????????? 2900 ???2007? 10??????
?????
???????????????????????????????? 2.10 ?????
????????????????????????????????????????
????????????????????????????????????????
????1 ???????????????????????????????????
???????????
1?????????????? 1000??????????????????????????????
?????
2.6??? 35
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timestamps
Interval time of posting [s]
? 2.10 debian-user ???????????????
???????????????????????????????  ???????
??? t ???? k ?????????? 2.3??????
Pt(k) =
e t(t)k
k!
(2.3)
?? t ???????????????? Q(t) ??k = 0 ????????????
?????????????????
Q(t) = 1  Pt(0) = 1  e t (2.4)
?????? t ????????????????? 2.4? t ??????????
Q0(t) = e t (2.5)
?????????????????
? 2.10 ????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????write??????? read ????????????????????????
????????????????????????????????????????
?????
36 ? 2??WOODS ?????
???????????????????????????????DHT ?????
????????????? write/read ????????? [18, 54{56] ???????
??? lookup ???? 2 ?????????????
?????????????????????????? 0 ????????????
?????????????? 1 ???????????????? 200 ???????
???3.6 ????? 200 ?????????????????????
9??? 200 ?????????????????????????????????
??????????????????????????????? 1.2.1 ??????
????????????????????????????????????????
????
?? 9???? 10.7 ???????? Linux-Kernel ???????? [57]?????
???????????????????????????????????DHT ??
??P2P????????????????????????????????????
?????????????????????????????WOODS???????
?? P2P????????????????????????????
2.6.2 end point ???
?????????????????????????? end point ????????
??????????????????????????????
2.5.2???????? end point ????????????????????????
???????????????????????? end point ???????
???? 2.11(a) ????????? App A, B ??????? Ra, Rb ??????
???????? App S ????? end point ???????????????????
?? App B ???????? Rb2 ????????????????????????
Rb2 ? App S ????????? end point ??????? Ra, Rb1 ????????
??????? Rb2 ?????? App S ????? end point ????? Rb2 ???
??????
???????????????????????????????????????
????? end point ?????????????
?????????????????????????Linux-Kernel ????????
??????? 2006? 8??? 2007? 5????? 10?????????? 10.5???
?????????????????????????????????????? 345
?????? 763 ????????????? 4500 ???2007? 5????????
???
2.6??? 37
(a)
Rz
Ra
App A
Rb1
App B
App S
(b)
Rz
Ra
App A
Rb1
App B
App S
Rb2
? 2.11 end point ???????? a, b?
end point ????????? 2.5.2???? step 1?? 4????????????
?????????????????????????????
step 1 ?????????????????????? end point ????
step 2 ?????????????????????????????
step 3 ???????????????????????? end point ?????
step 4 ????????????????????????????
step 4 ??????????????????? 2.5.2???????????????
????????????????????????????????????????
????????????????????
step 1 ?? 4 ?????????????????????????????????
????????????????????????????????????????
??????????????????step 1 ?? 4 ???????????????
600 ???????????? end point ?????????????????????
??????????????????????
?? ID ????????????Pentium 4 CPU 3GHz / Linux kernel 2.6 ??2 ?
100KB ????????? SHA-1 ? SHA-2?256bit???????? 2?3ms ????
????????????????????
? 2.1 ????????????????? end point ??? 2.12 ? end point ??
??????? 2.12 ??????????????????????? end point ???
??????????????? 10.5?????????? end point ????????
??????????? 300 ????????????????????? 70%? end
point ?? 2 ???????????????
38 ? 2??WOODS ?????
? 2.1 end point ????
Processing time (sec) 10 50 100 300 600
Maximum number of the end points 10 11 11 21 32
 0
0.2
0.4
0.6
0.8
 1  5  10  15  20  25  30
600 sec
300 sec
100 sec
50 sec
10 sec
 1
? 2.12 end point ???? (1)
??????? SHA-2?256bit?????????? ID ????? 32 ??????
????? 600 ????????? 32 ?? ID ??????????????????
?????????????? 1K ????????????????????????
??????????????? 10 ??????????? 600 ??????? 195 ?
????????????? 2.13 ?????????
 0
 0.2
 0.4
 0.6
 0.8
 1
 20  40  60  80  100  120  140  160  180
600 sec
 1
? 2.13 end point ???? (2)
?????? end point?????????????????????????????
?????????????????????????????????????????
22007?????????????????????
2.7???? 39
2.7 ???
?????Write Once Read Many ???????????????????????
????????????????????????????????????????
??????????????????????? WOODS ????????????
?????????
???????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
?????????????????
????????????????????????????????????????
?????????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
???????WOODS ?????????????????????????????
??????????????WOODS??????????????????

41
?3?
???????
3.1 ????
?????Content Hash ID???????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????
???????????????????????????????????????
?????????????????????????????????????????
????????????????? WOODS ???????????????????
???????????????????????????????????
(1) ??????????????????????????????????????
??????????
(2) write ? delete ???????????????????????????????
??????????????????????????????????????
???????
42 ? 3?????????
???????? WOODS ????????????????????? 3.2 ???
??????????????????????????????????3.3 ????
??????????????????? 3.4 ???????????????????
????????????????????????????????????????
????????3.5 ?????????????
3.2 ????
Content Hash ID ???????????????????????????????
??????????????????????1?? 1.2.1????? CFS? ePOST?
???????????????????????????Ivy ????????????
???????? Content Hash ID ????????????????????????
????????????????????????????????????????
?????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????? Content Hash ID ?????????????????????????
????????????????
CFS ??????????????????????????
ePOST ???????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????? [20]?
Ivy ?????????????????????????????????????
????????????????????????????????????????
??????????????? Content Hash ID ?????????????????
????????????????????????????????????? [14]?
???????????????????????????????????????
????????????????????????????????????????
??????????????????????????
???????????????????????????????????????
????????????????????????????????????
???????????????????????????????????????
?????????????????????????????????????????
3.3??? 43
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????? ePOST ??????????????
3.3 ??
3.3.1 ???????
WOODS ?? 3.1 ??????????????????????????????
????????????????????????????????????????
????????????????????????????????????
? 3.1 ???????
? 3.2 ?????????????????????????????WOODS ???
???????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????? 3.2(a) ????????????? App X ?????Rc ?
????????????????????????????????????????
??? Ra, Rb, Rc ???????????? App X ????????????????
?????????????
???????????????????????????WOODS ? Write Once ?
????????????????????????????????????????
????????????????????????????????????????
44 ? 3?????????
????????
????? 3.2(a) ?????????? App X ????? Ra, Rb ??? Rc ???
????????????????????? ???????? App X ????? Rb
??????????App X ???????????????? Rb' ?????? write
???????? Rc ????????????????? Rb' ???????????
? Rc' ? write ????????????? 3.2(b) ???? App X ??? end point ?
???? Rc ?? Rc' ??????????
? 3.2 ???????
???????????? Rc ?????????????????????????
? Rc ??????????????????? Rb ???????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????
3.3.2 ?????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????? Content Hash ID ??????????????????? DAG (Directed
Acyclic Graph) ?????????????????????????????????
????????????? WOODS ??????????????????????
????????????????????????? 3.1 ????????????
????????????????????????????????????????
???????
3.3??? 45
1. permanent counter, ???????????????????
2. end point counter, ?????????????????????
3. lease time, end point counter ?????????????
4. pending time, ????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????
???????? 3.1 ?????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????? read / write / delete ?????
???write ? delete ?????????????????????
3.3.3 Lease time ?????
????? Lease time ?????????????????????????????
???
????????????????????????????????? end point ?
????????????????????????????????????????
????????????????????????????????????????
????????????????? end point ??????????????????
????????????????????????????????????????
??????????????????????
???????????????????????????????????????
??????????????????????????????????? end point
counter ??????????????????? end point counter ?????????
?????????????????????? lease time ?????????????
??????????? end point ??????????? lease time ????????
???????
??????????????????????????????????????
permanent counter ??????? permanent counter ???????????????
??????????????????????????????????????
46 ? 3?????????
???????????????????????????????????????
???????????????end point counter ????????????????
????????????????????????????????????????
????????????????????????????????????end point
counter ???????? end point counter ? permanent counter ?????????
????????????????????????????? 3.3.4 ???? pending
time ???????????????
???????????????????????????????????????
?????????????lease time ??????????????????????
???? lease time ???????????????????????????????
?? end point counter ????????????????? permanent counter ???
?????????????????????????????????????????
3.3.4 Pending time ?????
????? Pending time ???????????????????????????
???????
WOODS ??????????????????? 3.3 ????? 3.3(a) ?????
???????? Ra, Rb???????????????????? App X? end point
???????????? Rb ??????????????? Rc ?????????
?????App X ????? Rb ??????????? Rc ? write ????? App
X ?? 3.3(b) ???? end point ????????? Rb ?????? Rc ??????
? 3.3 ?????????????? a, b?
???? Rc ? write ????? Rb ? permanent counter ????????????
????? App X ??????????? Rb ? end point counter ?????????
Rc ? end point counter ?????????????????????????????
3.4??? 47
????????????????????????????????????????
??Rb ????????????????????????Rb ? permanent counter ?
end point counter ????????????????????????????????
????????????????
???????????????????????????????????????
??????????????????????????????? [58]???????
?? pending time ????????????????????????????????
????????????????????????????????????????
????????????????????????????? pending time ????
??????????????? permanent counter ? end point counter ??????
??????????????????????pending time ????????????
???????????????????????? pending time ??????????
????????????????????????????????????????
???????????????????
3.4 ??
???????????????????????????????????????
??????????????????? Debian users mailing list ? 2012?? 2???
11???????? 20,000 ???????????? 3.4 ?????????????
??????????????????????????????????
??????????????????????????????? 30 ??????
?????????????? 30 ???? 60 ???????????????????
???????????????????????????????? 30 ??????
????????????????????????????????????????
3.3.4 ???????????????????? 3 ????????????????
????????????????????????????????????????
???????????????????? 120 ??????????????????
????????????????????????????????????????
?????????
3.5 ???
???????????????????????????????????????
????????????????????????????????????????
48 ? 3?????????
1 21 41 61 81 10
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? 3.4 ??????????????????????
???????WOODS ??????????????????????
?????????????????????? DAG ??????????????
????????????????????????????????????????
Content Hash ID ????????????????????????????????
49
?4?
??????????
4.1 ????
1 ?? 1.2.1 ????? CFS ? ePOST, Ivy ??????? Content Hash ID ???
????????????????????????????????????????
?????????????????
???????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??? CFS, ePOST, Ivy ???WOODS ?????????????????????
????????????????????????????????????????
???????????
???????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????
???Content Hash ID ????????????????????????????
????????? ID ?????????????????????????? ID ?
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
50 ? 4????????????
?????????????????????????????????????????
????????????????????
???????????????????????????????????????
?????? Content Hash ID ??????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????
???????????????????????????????????????
????????????
1. ??????????????????????????????????????
??????????????????????????????????????
??????????????????
2. ??????????????????????????????????????
??????????????????????????????????????
??????
??????Content Hash ID ?????????????????????WOODS
?????????????????????????????????WOODS ???
????????????????????????????????????????
????????????????????????????????????????
WOODS ????????????????
?? 4.2????????????????????????????????????
? 4.3 ?????????????????????????????????????
?? 4.4 ?????????? 4.5 ?? Gnutella ???? query ??????????
???????????????????????
4.2????? 51
4.2 ????
3 ?? 3.2 ?????????CFS, ePOST ? Ivy ?????? Content Hash ID ?
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
?????????????????????? ePOST ??????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????
???????????????????????????????????????
????Weighted Reference Counting [59] ?????????????????????
????????????????????????????????????????
?????????????????????? ID ????????????????
????????? [58{62]???? Content Hash ID ???????????????
????????????????????????????????????????
??????????? Weighted Reference Counting ???????????????
???????????????????
???????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????? Plainfosse [60]
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????
52 ? 4????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????? Content Hash ID ???????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????
4.3 ????????
WOODS ???????????????????????????????????
????????????????????????????????????????
???????????????????????WOODS ?????????????
??????????????????????????????????
4.3.1 ????????????
WOODS ???????????????????????????????????
???????????????????????????WOODS ?????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????
???? 4.1 ??????????????????????????? read ???
????????????????????????????????????????
??????????????
?????????????? App V ?????????????? App S ????
????????????????????????????????????????
???????????????? Rb ???????????????????????
1. App V ?? App S ??????? end point ?????????????App S
? \Rc" ???????
4.3????????? 53
? 4.1 Read ????
2. App V ????????????????? \Rc" ??????????????
??? Rc ????
3. App V ????????? Rc ?????????? \Rb" ??????????
Rb ???? 2) ??????????? Rb ??????
???????????????? Rb ?????????????? Rc, Rb ???
????????????????
???????????????????? App S ????????????? end
point ?????????????????????????????????????
?????????????????????? App V ???????????????
????????????????????????????????????????
???????????????????????????
4.3.2 ?????????????
?????? WOODS ????????????????????????????
????????????????????????????????????????
?????????????????????????????????WOODS ???
?? WOODS ????
?????????WOODS ??????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
54 ? 4????????????
???? 100 ??????????????????????????????????
?????????????? 100 ????????????????????????
???????????
???????????????????WOODS ????????????????
????????????????????????????????????????
?? WOODS ?????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
? WOODS ????????????????
? 4.2 ??? WOODS ??
????????? 4.2 ??????????????? App S ??????????
??????????WOODS ??????????????????? Cont. C ???
????????? App V ?????? LAN ???????? WOODS ??????
?????????????? Cont.C ????????? App S ?????????
???????????????? Cont. C ????????????????????
?????Cont. C ??????????? WOODS ????????????????
? App V ????????????????? Cont. C ??????????????
???????????? Cont.C ????? Rc ? ID ???????????? App
V ????? Rc ????? WOODS ???????
???????????????????????? Cont.C ????????????
????????????????????????????????????????
?????????????? App V ??????? WOODS ??????????
?????????????????????????????WOODS ???????
4.3????????? 55
?????? Cont. C ????????? WOODS ????????????????
?????????????????? App V ??????????????????
???
4.3.3 ?????????????
Content Hash ID ???????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????
4.1??????????????????????????????????????
??????????????????? WOODS ?????????????????
?????????? 4.3.1???????????? App V ?? 4.1 ????? Ra ?
?????????App V ????? Rc ? Rb ???????????????????
????WOODS??????????????????????? end point ????
????????????????????????????????????????
???????????????????????????????
? 4.3 ???????
Content Hash ID ???????????????????????????????
?????????????????????????????????? 4.3(a) ???
??????????????????????? Cont. C ????????? App X ?
????????????????????????? Ra ?????????????
???????????
???????????????????????????????????????
??? Cont. C ?????? WOODS ?????? Ra ??????????????
??????????? Ra ??????????????????????????
56 ? 4????????????
?????????????????? App X ??????????????????
? Cont. C ????????????????????????
???????? Ra ?????????????????????????????
?????????????????????????????????? 4.3(b) ???
?????????????????????? Cont. C ???????????????
???????????????????????? Rc ? Rb ??????? Cont. C
???????????? Cont.C ????????????????????????
??????? Ra ??? App X ????????????????????????
????????????????????????????????????????
????????????????????
??? 4.1 ??????????????????????????????????
?????????????????
1. end point ?????????????????????????????????
?????????????????????????????????????
???????????
2. ?????????????????????????????????????
????????????????????????????
LRU ?????????????????????????????????????
????????????????????????????????????????
?????
4.4 ?????????
???? 4.3?????????????????????????????????
????????????????????? 3 ?? 3.3.2 ?????????Content
Hash ID ????????????? DAG (Directed Acyclic Graph) ????????
????????????????????????????????????????
??????????????
????????????? 3 ?????????????????????????
????????????????????????????????????
4.4.1 ???????????
???????????????????????????????? 4.3(b) ????
?????????????? Cont. C ?????????????? Rc ??????
4.4?????????? 57
???????????? Rc ???????????Rc ?????????????
??? Rc ???????????????????????????????? Rb ?
????????????????????????? Rb ?????????????
? Ra ??????? 2 ?? 1 ??????????? Ra ?????????????
???????????????????
???????????????4.3.3?? 1) ??????????????????
??????????????????????
???????????????????????????????????????
????????????
? 4.4 ????????
? 4.4(a) ?????????????????????????? Cont. C ?????
Ra, Rb ? Rc ??????????????????????????? Rc ? Rb ?
????????????????????????????? Rb ????? WOODS
???????????? Ra ??????????????????????????
???????????????????????
???????????????????????????????????
????????????????????????????? data existence ???
????????????????????????????????????????
?????????
?????????????????????????????
4.4.2 ??????????????
???????????????????????????????????????
??????????????????? 4.4(a) ???????? Ra ????????
??????????????????????????? Content Hash ID ?????
???????? 4.3.3?????????????????????????????
58 ? 4????????????
write ?????????????????????????????????????
?????????????
???? 4.4(a), (b) ?????????????????????????? Rb ??
??? Ra ???????????????????????????????????
Ra ????????????????????????????? X ????? Ra ?
write ????Ra ????? 1 ??????????????? Ra ?? Rb ?????
???????????? 2 ?????????
???????????????????????????? Cont.C ???????
?? end point ???????? Rc ???????????????????????
????? Ra ????????????
??????????????? data existence ??????????????????
?? data existence ???????????????????????????????
???????????? actual ?????????????????????????
??????????????????? provisional ????????????????
????????????????????????????????????????
???
???? 4.4(a) ?????????????? Cont. C ????? Rb ? write ????
???? Ra???????????????????????????????????
? Ra ?????????????????????????? Ra ?????????
?????????????????? Ra ????????????????????
???? Ra ???????????????????????????? data existene
? provisional ???????????????????????????? 1 ????
? 4.4(b)???????????????????????????? Ra??? write
???????????????? Ra ??????????????????????
? 1 ?? 2 ??????data existence ? actual ???????
??????????? Ra ???????? 2 ??????????
4.4.3 ????????????????
???????????????????????????????????????
?????????????????????????????????? 1990 ???
?????????????????????????????????????????
???????? 2000 ??????????????????????????????
???????????????????????
? 4.5?????????????? Rb?????????????????????
4.4?????????? 59
(c)
? 4.5 ????????????????
Rc ?????? Rb ????????????????????? data existence ???
?????????????????????????
???????????????? Rb ?????????????????????
????????????????? data existence ? provisional ??????????
? Rb ??????????????????????
???? Rb ??????????????????? Ra ????????????
????????????????? Ra ?????????????????? Ra ?
?????????????????????????????? 4.5(c) ???????
?????????? App X ????? Rb ? write ??App X ??????????
?????????????? Rb ??????????????????? 1 ?? 2 ?
?????data existence ? actual ??????
????????? Rb ????????????? 2 ????????????? Rb
????? Ra ????????????????????????????? Rb ??
?? write ????????????? Ra ????????????????????
????? Ra ?????????????????????????????????
???????????????? Ra ?????????? provisional ??????
????????? 1 ???????
??????? 4.5(c) ????????? Rc ????? 1????? Rb ? 2????
? Ra????????? 1????????????????????? data existence
?????? provisional ?????????????????????????????
??????????????????
60 ? 4????????????
4.5 ??
????????????????????????????????????????
Gnutella ?????? query ???????????????????
?? 4.5.1 ???????????????????4.5.2 ?? Gnutella ??? query
????????????????????????????????????????
????????????????????????????????????????
???????
4.5.1 ???????
? 4.6 ???????????????
? 4.6 ????????????????????????????????? 4.3.2 ?
?? 4.2??????????????????????? App S ??????WOODS
???????????????????????? Cont.C ????? WOODS ??
?????? end point ?????????????????????????????
?????????????????? App V ??????????????????
App V ?????WOODS ?????????????????????App V ???
???? Cont. C ?????? WOODS ????????????
4.5.2 ????????
????????? P2P ????????????? Gnutella ?????????
??????????????????????????????????? [63]???
????Gnutella ????????? Phex [64] ????? Gnutella ????????
4.5??? 61
????????? query ????????????????????? 2012 ?? 4 ?
24 ??? 8 ???????????
Gnutella ???? query ????????????????????????????
???? query??????????????????????????????? query
????????????????????????????????????
????????? 1) ?????????????2) ???????????3) ??
?????????????????????????????????????????
??? query ?????????? query ???????? query ??????????
????????????????????????????????????????
???????? query ??????????????????????????????
?????????????? Gnutella ????????????????????
??????4 ?? 5 ?? query ???????????????????6??? 8?
??? query ??????????????? query ????????????????
??????????
18 ??????????????? 188? 9300?? query ???????? 450??
? query ??????????????????????????? 181,000 ?????
????????????????????????????? query?????? 5,000
???????? 8 ???????????????????????????????
???????????????????????????? 50,000 ? query ????
???
? 4.7 ? 8 ??????????????????????????????????
??????????????????????????????????????? 0.1
??????? 1,000 ????????100 ????????????????????
????????????????????? 8 ??????????????????
??????????????????????????????
???????? 0.1 ???????????? 0.44 ???? (+0.032, -0.031) ???
???????????0.3 ?????????????? 0.74 ???? (+0.031, -0.035)
????
? 4.8 ????????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????
???????????????? 5%, 10%, 20% ??? 40% ???????????
??????????????????????????????????????? 0.5
62 ? 4????????????
? 4.7 ??????????
? 4.8 ?????
??????????????????????????? 2 ???????50% ???
??????????????? 8 ????????????????????????
????????????????
4.6???? 63
??????WOODS ??????WOODS ??????????????? 10 ?
????????????????????????????????? 0.1 ?????
?? query ???????????????????????????????????
????? 5% ???????????? 0.78 (+0.04, -0.10) ???????????
?????????20% ?????????????? 0.48 ( 0.05) ????????
????
???????????????????????????????????????
????????????????????????
4.6 ???
???????????????????????????????????????
????????????????????????????????????????
?? WOODS ?????????????????????
?????????? Gnutella ? query ????????????????????
?????????????????????????????????? DAG ???
???????????????????? Content Hash ID ????????????
????????????????????

65
?5?
??
5.1 ???
?? P2P???????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????
??????????????????????? WORM ????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
????????????????????????????? WOODS ??????
WOODS ?????????? ID ????????????????????????
????????????????????????????????????????
?????????????????????????
 ???????????????????????????ID ????????
??????????????????????
 ??????? ID ????????????????????????????
??????????????????
 ???????????????????? DAG (Directed Acyclic Graph) ??
????????????????
WOODS ???????????????????????????
1)?????????????????????????????????????
??????????????????????
66 ? 5????
2)???????????????
3)???????????????????????
??? 2???WOODS ?????????????????????? 1) ????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????
??? 3????WOODS???????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????
1. permanent counter, ???????????????????
2. end point counter, ?????????????????????
3. lease time, end point counter ?????????????
4. pending time, ????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????? 120 ??????????
????????????????????????????????????????
??????????????????????????
???? 4???????????????????????????P2P?????
????????????????????????????????????????
????? WOODS ???????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????
5. data existence, ??????????? (provisional ???? actual)
5.2??????? 67
????????????????????????????????????????
?????? WOODS ???????????????????????? Gnutella ?
query ????????????????????????????????
5.2 ??????
???????????????????????????????
??
???????WOODS????????????????????????????
????????????????????????????????????????
????????????? mongoDB [65] ????????????????????
?????????????????????????????????????????
???????????????????
?????????????????????????? 2.5.3???????????
???????????????????? 3????? 4?????????????
????????????????????????????????????????
?????????????
???????????????????????????? Stop the world????
?????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??? permanent counter ???????????????????? 2.5.3?????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????? end point ?????????? end point counter ?????
????????????????????????????????????????
??????????????????????????????????
???????????????????????????????????????
????? 2.5.3????????????????????????????????
??????????????????????????????????? on the y?
68 ? 5????
????????????????????????????????????????
???????????????
69
??
?????????????????????????? ???????? ????
?????????????????????????? ???????? ??????
????????????????????????????????????????
?????????????? ???????? ?????????????????
?????????????????????????????????

71
????
[1] D. Liben-Nowell, H. Balakrishnan and D. Karger : Analysis of the Evolution
of Peer-to-Peer Systems, Proceedings of the twenty-rst annual symposium on
Principles of distributed computing (PODC), pp.232-242, July 2002
[2] I. Stocia, R. Morris, D. Karger, M. F. Kaashoek and H. Balakrishnan : Chord:
A scalable peer-to-peer lookup service for Internet applications, Proceedings of
the 2001 conference on Applications, technologies, architectures, and protocols for
computer communications (SIGCOMM 01), pp.149-160, August 2001
[3] P. Maymounkov and D. Mazieres : Kademlia: A Peer-to-Peer Information System
Based on the XOR Metric, Proceedings of the First International Workshop on
Peer-to-Peer Systems (IPTPS 02), pp.53-65, March 2002
[4] J. Stribling, I. G. Councill, J. Li, M. F. Kaashoek, D. R. Karger, R. Morris and S.
Shenker: OverCite: a cooperative digital research library, Proceedings of the Third
international conference on Peer-to-Peer Systems (IPTPS 05), pp.69-79, February
2005
[5] M. J. Freedman, K. Lakshminarayanan, S. Rhea and I. Stoica. : Non-transitive
connectivity and DHTs, Proceedings of the 2nd conference on Real, Large Dis-
tributed Systems (WORLDS 05), Volume 2, pp.55-60, December 2005
[6] J. Stribling, J. Li, I. G. Councill, M. F. Kaashoek and R. Morris : OverCite: a
distributed, cooperative CiteSeer, Proceedings of the 3rd conference on Networked
Systems Design & Implementation (NSDI 06), Volume 2, pp.11-21, May 2006
[7] B. Y. Zhao, L. Huang, J. Stribling, S. C. Rhea, A. D. Joseph and J. D. Kubiatowicz
: Tapestry: a resilient global-scale overlay for service deployment, EEE Journal
on Selected Areas in Communications, Volume 22 issue 1, pp.41-53, September
2006
72 ????
[8] R. Jimenez, F. Osmani and B. Knutsson : Sub-Second Lookups on a Large-Scale
Kademlia-Based Overlay, Proceedings of the 11th IEEE International Conference
on Peer-to-Peer Computing (P2P11), pp.82-91, August 2011
[9] W. Rao, R. Vitenberg and S. Tarkoma : Towards Optimal Keyword-based Con-
tent Dissemination in DHT-based P2P Networks, Proceedings of the 11th IEEE
International Conference on Peer-to-Peer Computing (P2P11), pp.102-111, Au-
gust 2011
[10] W. Danqi and C.K. Yeo : Exploring Locality of Reference in P2P VoD Systems,
IEEE Transactions on Multimedia, Volume 14 issue 4, pp.1309-1323 Aug. 2012
[11] F. M. Cuenca-Acuna C. Peery, R. P. Martin and T. D. Nguyen : PlanetP: Using
Gossiping to Build Content Addressable Peer-to-Peer Information Sharing Com-
munities, Proceedings of the 12th IEEE International Symposium on High Perfor-
mance Distributed Computing, pp.236-246, June 2003
[12] F. M. Cuenca-Acuna, R. P. Martin and T. D. Nguyen : Autonomous Replica-
tion for High Availability in Unstructured P2P Systems, Proceedings of the 22nd
International Symposium on Reliable Distributed Systems (SRDS 03), pp.99-108,
2003
[13] F. Dabek, M. F. Kaashoek, D. Karger, R. Morris and I. Stoica : Wide-area
cooperative storage with CFS, Proceedings of the eighteenth ACM symposium on
Operating systems principles (SOSP 01), pp.202-215, December 2001
[14] A. Muthitacharoen, R. Morris, T. M. Gil and B. Chen : Ivy: a read/write peer-
to-peer le system, Proceedings of the 5th symposium on Operating systems design
and implementation (OSDI 02), pp.31-44, December 2002
[15] J. Kubiatowicz, D. Bindel, Y. Chen, S. Czerwinski, P. Eaton, D. Geels, R. Gum-
madi, S. Rhea, H. Weatherspoon, C. Wells and B. Zhao : OceanStore: An Archi-
tecture for Global-Scale Persistent Storage, Proceedings of the ninth international
conference on Architectural support for programming languages and operating sys-
tems (ASPLOS), pp.190-201 December 2000
[16] S. Rhea, C. Wells, P. Eaton, D. Geels, B. Zhao, H. Weatherspoon and J. Kubiatow-
icz : Maintenance-Free Global Data Storage, IEEE Internet Computing, Volume
5 issue 5, pp.40-49, September 2001
???? 73
[17] B. Zhang, A. Iosup, J. Pouwelse, D. Epema : Identifying, Analyzing, and Modeling
Flashcrowds in BitTorrent, Proceedings of the 11th IEEE International Conference
on Peer-to-Peer Computing (P2P11), pp.240-249, August 2011
[18] F. Dabek, J. Li, E. Sit, J. Robertson, M. F. Kaashoek and R. Morris : Designing
a DHT for low latency and high throughput, Proceedings of the 1st Symposium on
Networked Systems Design and Implementation (NSDI '04), pp.55-60 March 2004
[19] F. Dabek : A distributed hash table, PhD thesis, Department of Electrical Engi-
neering and Computer Science, MIT, September 2005
[20] A. Mislove, A. Post, A. Haeberlen and P. Druschel : Experiences in building
and operating ePOST, a reliable peer-to-peer application, Proceedings of the 1st
ACM SIGOPS/EuroSys European Conference on Computer Systems (EuroSys '06),
pp.147-159, April 2006
[21] JM Busca, F. Picconi and P. Sens : Pastis: a highly-scalable multi-user peer-
to-peer le system, Proceedings of the 11th international Euro-Par conference on
Parallel Processing (Euro-Par 05), pp.1173-1182, August 2005
[22] R. Hasan, Z. Anwar, W. Yurcik, L. Brumbaugh and R. Campbell : A Survey
of Peer-to-Peer Storage Techniques for Distributed File Systems, Proceedings of
the International Conference on Information Technology: Coding and Computing
(ITCC 05), Volume 02, pp.205-213, April 2005
[23] Y. Saito, B. N. Bershad and H. M. Levy : Manageability, availability, and per-
formance in Porcupine: a highly scalable, cluster-based mail service, ACM Trans-
actions on Computer Systems (TOCS), Volume 18, Issue 3, pp.298-337, August
2000
[24] D. B. Terry, M. M. Theimer, Karin Petersen, A. J. Demers, M. J. Spreitzer and C.
H. Hauser : Managing update conicts in Bayou, a weakly connected replicated
storage system, Proceedings of the fteenth ACM symposium on Operating systems
principles (SOSP '95), pp.172-182, December 1995
[25] Y. Saito and M. Shapiro : Optimistic replication, ACM Computing Surveys
(CSUR), Vol. 37, No. 1, pp.42-81, March 2005
74 ????
[26] J. J. Kistler and M. Satyanarayanan : Disconnected Operation in the Coda File
System, ACM Transactions on Computer Systems (TOCS), Vol. 10, No. 1, pp.3-25,
February 1992
[27] M. Satyanarayanan : The evolution of Coda, ACM Transactions on Computer
Systems (TOCS), Vol. 20, No. 2, pp.85-124, May 2002
[28] CVS - Concurrent Versions System, http://www.nongnu.org/cvs/
[29] ?? ?, ?? ??, ?? ??, ?? ?? : ??????????????????
???????????, ?????????? Vol. 2005 No. 79, pp.33-40, 2005
? 8?
[30] Dropbox, http://www.dropbox.com/
[31] J. Stribling, E. Sit, M. F. Kaashoek, J. Li, and R. Morris : Don't Give Up on
Distributed File Systems, Proceedings of the 6th International Workshop on Peer-
to-Peer Systems (IPTPS07), Volume 1, February 2007
[32] Twitter, http://www.twitter.com/
[33] Facebook, http://www.facebook.com/
[34] A. Haeberlen, A. Mislove and P. Drushel : Glacier: highly durable, decentralized
storage despite massive correlated failures, Proceedings of the 2nd conference on
Symposium on Networked Systems Design & Implementation (NSDI 05), Volume
2, pp.143-158, May 2005
[35] F. Dabek, R Cox, F. Kaashoek and R. Morris : Vivaldi: a decentralized network
coordinate system, Proceedings of the 2004 conference on Applications, technolo-
gies, architectures, and protocols for computer communications (SIGCOMM 04),
pp.15-26, August 2004
[36] ?? ?, ?? ?? : ??????????????? : ???????????
?, ?????????????? : ????, 112? 212?, pp.47-52, 2012? 9
?
[37] R. Cox, F. Dabek, F. Kaashoek, J. Li and R. Morris : Practical, distributed
network coordinates, ACM SIGCOMM Computer Communication Review, Volume
34 Issue 1, pp.113-118, January 2004
???? 75
[38] A. Mislove and P. Druschel : Providing administrative control and autonomy in
structured peer-to-peer overlays, Proceedings of the Third international conference
on Peer-to-Peer Systems (IPTPS 04), pp.162-172, February 2004
[39] ?? ??, ?? ??, ?? ??, ?? ?? : P2P???????????????
???????????, ?????????, 47? 4?, pp.1063-1076, 2006? 4
?
[40] ?? ??, ?? ??, ?? ?? : ????????????????????
???????, ??????????????. IN, ????????, 102(694),
pp.55-60, 2003? 2?
[41] A. Mislove, A. Post, C. Reis, P. Willmann, P. Druschel, D. S. Wallach, X. Bonnaire,
P. Sens, J. M. Busca and L. Arantes-Bezerra : POST: A secure, resilient, cooper-
ative messaging system, The 9th Workshop on Hot Topics in Operating Systems
(HotOS IX), pp.25-30, May 2003
[42] A. Rowstron and P. Druschel : Storage management and caching in PAST, a large-
scale, persistent peer-to-peer storage utility, Proceedings of the eighteenth ACM
symposium on Operating systems principles (SOSP 01), pp.188-201, December
2001
[43] P. Druschel and A. Rowstron : PAST: A Large-Scale, Persistent Peer-to-Peer
Storage Utility, Proceedings of the Eighth Workshop on Hot Topics in Operating
Systems (HOTOS 01), p.75-80, May 2001
[44] A. Rowstron and P. Druscheln : Pastry: Scalable, distributed object location and
routing for large-scale peer-to-peer systems, Proceedings of the 18th IFIP/ACM
International Conference on Distributed Systems Platforms (Middleware 2001),
pp.329-350, November 2001
[45] S. Rhea, P. Eaton, D. Geels, H. Weatherspoon, B. Zhao and J. Kubiatowicz : Pond:
The OceanStore Prototype, Proceedings of the 2nd USENIX Conference on File
and Storage Technologies (FAST 03), pp.1 - 14, March 2003
[46] EMC Education Services : IT???????????? ???????????,
?????????, pp.171-189, 2013
[47] Amazon Simple Storage Service (Amazon S3), http://aws.amazon.com/jp/s3/
76 ????
[48] Amazon Web Service, http://aws.amazon.com/
[49] A. Montresor and L. Abeni : Cloudy Weather for P2P, with a Chance of Gossip,
Proceedings of the 11th IEEE International Conference on Peer-to-Peer Computing
(P2P11), pp.250-259, August 2011
[50] ??? : P2P ??????????????????? WOODS, ???????
??????, ? 21? ? 6?, pp.33-40, 2008? 6?
[51] Y. Yasuda, S. Ata and I. Oka : Introducing delete feature for unnecessary data to
content-hash based distributed archive system, IEICE Communications Express,
Vol. 2 No. 1, pp.12-17, January 2013
[52] Y. Yasuda, S. Ata and I. Oka : Proactive cache management method for content
hash based distributed archive system, The International Conference on Informa-
tion Networking (ICOIN 2013), pp.456-461, January 2013
[53] debian-user-mailing list, http://lists.debian.org/debian-user/
[54] S. Rhea, B. G. Chun, J. Kubiatowicz and S. Shenker : Fixing the Embarrassing
Slowness of OpenDHT on PlanetLab, Proceedings of the 2nd conference on Real,
Large Distributed Systems (WROLDS '05), pp.25-30, December 2005
[55] S. Rhea, B. Godfrey, B. Karp, J. Kubiatowicz, S. Ratnasamy, S. Shenker, I. Stoica
and H. Yu : OpenDHT: a public DHT service and its uses, Proceedings of the 2005
conference on Applications, technologies, architectures, and protocols for computer
communications (SIGCOMM 05), pp.73-84, August 2005
[56] K. P. Gummadi, S. Saroiu and S. D. Gribble : King: estimating latency between
arbitrary internet end hosts, Proceedings of the 2nd ACM SIGCOMM Workshop
on Internet measurment (IMW 02) , Volume 1, pp.5-18, November 2002
[57] The Linux kernel archives, http://www.kernel.org/
[58] D. Kogan and A. Schuster : Remote reference counting: distributed garbage
collection with low communication and computation overhead, Journal of Parallel
and Distributed Computing - Special Issue on Java on Clusters, Volume 60 Issue
10, pp.1260-1292 October 2000
???? 77
[59] D I Bevan : Distributed garbage collection using reference counting, PARLE
Parallel Architectures and Languages Europe Lecture Notes in Computer Science,
Volume 259, pp.176-187, March 1987
[60] D. Plainfosse and M. Shapiro : A Survey of Distributed Garbage Collection
Techniques, Proceedings of the International Workshop on Memory Management
(IWMM 95), pp.211-249, September 1995
[61] M. Shapiro, P. Dickman and D. Plainfosse : SSP Chains: Robust, Distributed
References Supporting Acyclic Garbage Collection, Institut National de Recherche
en Informatique et en Automatique, August 1993
[62] Y. Ichisugi and A. Yonezawa : Distributed Garbage Collection Using Group Refer-
ence Counting, Technical report, Dept. of Information Science of Univ. of Tokyo,
Volume 90 issue 14, 1990
[63] H. Nakayama, S. Ata and I. Oka : On Comparison of the Eciency of Auto
Regressive Estimation Methods for Predicting Trac Trends Patterns, in Pro-
ceedings of the 14th Asia-Pacic Network Operations and Management Symposium
(APNOMS'12), Septmeber 2012
[64] Phex, http://www/phex.org/mambo/
[65] mongoDB, http://www.mongodb.org/
